Objective. This study examined the relationship between neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), mean platelet volume (MPV), and rheumatoid arthritis (RA), to establish a correlation among the NLR, PLR, and MPV and RA activity. Methods. Medline, Embase, and Cochrane were searched, and a meta-analysis was performed to compare the NLR, PLR, and MPV between RA patients and healthy controls. The correlation coefficients between NLR, PLR, and MPV and the Disease Activity Score 28 (DAS28) in the RA patients were examined. Results. Sixteen studies were included in this meta-analysis. NLR was significantly higher in the RA group (standardized mean difference [SMD], 0.800; 95% confidence interval [CI], 0.542∼1.058; p＜0.001). Stratification according to ethnicity revealed a significantly elevated NLR in the RA group in Asian and Turkish populations (SMD, 95% CI: 0.994, 0.418∼1.519, p=0.001 and 0.695, 0.443∼0.948, p＜0.001, respectively). Subgroup analysis revealed a significantly high NLR in RA, independent of the data type and adjustment for age and/or sex. PLR was also significantly higher in the RA group (SMD, 0.708; 95% CI, 0.401∼0.995; p＜0.001), regardless of ethnicity, data type, and adjustment for age and/or sex. In addition, NLR and PLR were positively associated with the RA activity based on the DAS28 (correlation coefficient, 95% CI: 0.277, 0.190∼0.359, p＜0.001 and 0.318, 0.197∼0.430, p＜0.001, respectively). However, MPV showed no correlation with the RA activity (correlation coefficient, −0.095; 95% CI, −0.435 to 0.269; p=0.615). Conclusion. Meta-analysis showed that the NLR and PLR were significantly higher in the RA patients and positively but weakly correlated with the RA activity. (J Rheum Dis 2018;25:169-178)
INTRODUCTION
Rheumatoid arthritis (RA) is a chronic autoimmune inflammatory disease characterized by infiltration of the synovium with neutrophils, macrophages, T cells, B cells, and dendritic cells, and progressive destruction of cartilage and bone, resulting in significant morbidity and shortened life expectancy [1, 2] . The most commonly used markers of inflammation in clinical practice are C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) to estimate the presence and activity of inflammatory diseases. However, these markers have some limitations such as reflection of short-term inflammatory activity and low discrimination ability. ESR is affected by age, sex, anemia, fibrinogen levels, hypergammaglobulinemia, and plasma viscosity, and reflects disease activity in the past few weeks [3] , while CRP is less confounded by these factors, and reflects more short-term changes in disease activity [4] . There was an importance correlation between time-integrated CRP and ESR and radiological progression [4, 5] .
Neutrophils, lymphocytes, and platelets play a role in the control of inflammation, and systemic inflammation is associated with alterations in circulating blood cell quantity and composition, such as neutrophilia, lymphopenia, and thrombocytosis [6] . Recent studies have reported the numbers and ratios of complete blood cell subgroups in rheumatic diseases [7, 8] . Neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and mean platelet volume (MPV) have recently been investigated as new inflammatory markers for the assessment of inflammation in many inflammatory, cardiovascular, and malignant diseases [9, 10] . NLR is calculated as the absolute count of neutrophils divided by the absolute count of lymphocytes, and PLR is calculated as the absolute platelet count divided by the absolute lymphocyte count. As a novel marker of inflammation, NLR may be useful to estimate the activity of autoimmune and inflammatory diseases [11] . PLR is also used as an index for inflammatory status in diverse diseases [12] . MPV is the volume of the average circulating platelets in femtoliters and is a marker of platelet activation known to be associated with inflammation [13] . NLR, PLR, and MPV are inexpensive and easily obtainable laboratory markers of systemic inflammation. However, their roles in RA remain unclear. We hypothesized that NLR, PLR, and MPV may play a role as potential markers in assessing RA activity, because ESR and CRP have some limitations.
Studies on NLR, PLR, and MPV in RA patients in comparison with those in healthy controls, and on the relationship between hematological changes and RA activity have reported controversial results [7, 8, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . This may be because of the small sample sizes, low statistical power, and/or the presence of clinical heterogeneity. We performed the present meta-analysis to overcome the limitations of individual studies and resolve inconsistencies [28] [29] [30] . The aim of this meta-analysis was to evaluate the relationship between NLR, MPV, and PLR and RA, and to establish a correlation between the hematological indexes and RA activity.
MATERIALS AND METHODS

Selection of eligible studies and data extraction
A literature search was performed to find studies that investigated NLR, PLR, or MPV in patients with RA and healthy controls. We searched the Medline, Embase, and Cochrane databases to identify available articles (until April 2017). We used the keywords and subject terms in this search were "neutrophil-to-lymphocyte ratio," "mean platelet volume," "platelet-to-lymphocyte ratio," and "rheumatoid arthritis." We also reviewed references cited in the selected articles to identify studies not covered by the electronic databases. Studies were included if (1) they were case-control, cohort, or cross-sectional studies; (2) they provided NLR, PLR, or MPV value in RA and controls; (4) they provided data on the correlation coefficient between NLR, PLR, or MPV and RA activity based on Disease Activity Score 28 (DAS28). No language or ethnicity restrictions were applied. We excluded studies if (1) they contained insufficient or duplicate data, or (2) they were review articles or case reports. Two independent reviewers extracted data from studies. Discrepancies in findings between the reviewers were resolved by consensus. We conducted the meta-analysis in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [31] . We extracted following information from selected studies: author, year of publication, country, ethnicity, subject number, mean and standard deviation (SD) of NLR, PLR, or MPV values, and correlation coefficient between NLR, PLR, or MPV and disease activity. We obtained the mean and SD using previously described formulae, if the data given were medians, ranges, or interquartile ranges [32, 33] .
Statistical analysis
A meta-analysis was performed to examine NLR, PLR, or MPV value between patients with RA and healthy controls, and correlation coefficient between NLR, PLR, or MPV and DAS28. For continuity of data, we presented results as standardized mean differences (SMDs) and 95% confidence intervals (CIs). Within-and between-study variations and heterogeneity were assessed by using Cochran's Q test [21] . We performed the heterogeneity test to investigate the null hypothesis that all studies evaluated the same effect. When the significant Q statistic (p＜0.100) indicated between-study heterogeneity, We used the random-effects model in the meta-analysis [34] . When the significant Q statistic (p＜0.100) did not show inter-study heterogeneity, we used the fixed-effects model. The effect of heterogeneity was quantified by I 2 =100%×(Q−df)/Q [35] . In the meta-analysis, we conducted statistical analysis by using the Comprehensive Meta-Analysis computer program (Biostat, Englewood, NJ, USA).
Sensitivity test, subgroup analysis, publication bias, and quality analysis
We performed a sensitivity test was to evaluate the infl uence of individual study on the meta-analytic SMD by 
RESULTS
Studies included in the meta-analysis
We identified 171 studies by using electronic and manual search methods. Twenty of the studies were selected for full-text review on the basis of their titles and abstracts. Four of these were excluded because they had no data on NLR, PLR, or MPV [38] [39] [40] , or a healthy control group [41] . Thus, 16 articles met the inclusion criteria (Table 1, Figure 1 ) [7, 8, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . Two reports contained data on two different groups [19, 24] ; hence, we analyzed these studies independently. We identified 9 comparison studies on NLR in RA and controls, 9 on PLR, 11 on MPV, and 4, 2, and 3 studies on correlation coefficients between NLR, MPV, or PLR and DAS28 (n=991), respectively ( Table 1 ). The characteristic features of the studies included in the meta-analysis are summarized in Table 1 .
Meta-analysis for comparison of NLR, PLR, and MPV between the RA patients and controls
NLR was significantly higher in the RA group than in the control group (SMD, 0.800; 95% CI, 0.542∼1.058, p＜ 0.001; Table 2, Figure 2 ). In addition, stratification by ethnicity showed a significantly elevated NLR in the RA group in Asian and Turkish populations (SMD, 0.994; 95% CI, 0.418∼1.519; p=0.001 and SMD, 0.695; 95% CI, 0.443∼0.948; p＜0.001, respectively; Table 2 ). Stratification by data type revealed a significantly high NLR in both the original data and imputed data groups (SMD, 0.588; 95% CI, 0.389∼0.787; p＜0.001 and SMD, 1.047; 95% CI, 0.607∼1.488; p＜0.001, respectively; Table 2 ). Stratification by the adjustment for age and/or sex revealed a significantly higher NLR in the RA group, independent of the adjustment (Table 2 ). PLR was also significantly higher in the RA group than in the control group (SMD, 0.708; 95% CI, 0.401∼0.995; p＜0.001; Table 2 , Figure 2 ). Stratification by ethnicity showed a significantly elevated PLR in the RA group in Asian and Turkish populations (SMD, 0.904; 95% CI, 0.622∼1.185; p＜0.001 and SMD, 0.560; 95% CI, 0.173∼0.947; p=0.005, respectively; Table 2 ). Stratification by data type revealed a significantly high PLR in both the original data and imputed data groups (SMD, 0.335; 95% CI, 0.182∼0.488; p＜0.001 and SMD, 0.980; 95% CI, 0.720∼ 1.239; p＜0.001, respectively; Table 2 ). Stratification by the adjustment for age and/or sex revealed a significantly Figure 2 ).
Meta-analysis of the relationship between NLR, PLR, and MPV and RA activity
The meta-analysis identified that NLR was positively associated with RA activity based on DAS28 (correlation coefficient, 0.277; 95% CI, 0.190∼0.359; p＜0.001; Table  3 , Figure 2 ). In addition, stratification by ethnicity showed a significantly positive correlation between NLR Figure 2 ). Stratification by ethnicity showed a significantly positive correlation between PLR and DAS28 in Asian and Turkish populations (Table  3 ). However, the meta-analysis of the correlation coefficients revealed no correlation between MPV and RA activity (correlation coefficient, −0.095; 95% CI, −0.435 to 0.269; p=0.615; Table 3 , Figure 2 ).
Heterogeneity, sensitivity test, publication bias, and quality analysis
Between-study heterogeneity was identified during the meta-analyses of NLR, MPV, and PLR in the patients with RA (Tables 2 and 3 ). However, all the studies showed the same direction of the effect size, except for MPV. The sensitivity analysis revealed that none of the individual studies significantly affected the meta-analysis results, indicating robust results for this meta-analysis (Supplementary Figure 1 ). Publication bias results in a disproportionate number of positive studies and poses a problem for meta-analyses. However, we found no evidence of publication bias in the meta-analysis performed in this study (Egger' s regression test, p＞0.1) ( Supplementary  Figure 2) . For NLR and PLR, the quality of evidence according to GRADE criteria was low, since they were case-control studies. For MPV, the evidence was deemed to be of very low quality due to inconsistency, imprecision and indirectness (Table 4 ).
DISCUSSION
The inflammatory process in RA involves inflammatory cells and molecules that cause changes in the number, shape, and size of peripheral blood cells. Inflammatory cytokines such as interleukin (IL)-1, IL-6, and tumor necrosis factor (TNF)-α in RA modulates erythropoiesis [42] . Neutrophils account for 40%∼75% of leukocytes, and lymphocytes, including T cells and B cells, account for 20%∼45% of leukocytes in peripheral blood circulation; platelets are one of the most important immune cells. Neutrophils and platelets are involved in the production of inflammatory cytokines, which result in the activation of neutrophils and platelets [43] . Increased neutrophils and platelets may be attributed to the inflammation condition in RA, characterized by increased inflammatory cytokines [42] . Throughout this process, dysregulation in the control of apoptosis of the lymphocytes may lead to decreased lymphocyte production [44] . Owing to changes caused by the inflammation in neutrophils, platelets, and lymphocytes, NLR and PLR can be considered inflammatory markers.
Meta-analysis is a statistical procedure for combining of results from several studies to produce a single estimate of the major effect [21] . There are reasons why a metaanalysis can be a useful tool in this research, First, meta-analysis is to increase sample size, which may reduce the probability that random error will produce false-positive or false-negative associations. Thus, metaanalysis increases power over individual studies, and enhances the precision and accuracy of estimates of the effect size. Second, meta-analysis results can be generalized to a larger population. Generalizing the results from a meta-analysis makes more sense than from single studies. Third, inconsistency of results across studies can be quantified and analyzed, and the presence of publication bias can be investigated. Therefore, meta-analysis is an ideal and powerful tool for summarizing the results from different studies.
In this meta-analysis, we combined the evidence for NLR, PLR, and MPV in RA and the correlations of NLR, PLR, and MPV to RA activity. This meta-analysis of 16 studies revealed that NLR and PLR, but not MPV, were significantly higher in the RA group than in the control group. NLR and PLR, but not MPV, had a positive correlation with RA activity measured by using DAS28. The correlations found between NLR and PLR and RA disease activity as expressed by DAS28 is positive and significant but weak. Elevated NLR and PLR values reflected significantly increased disease activity. The meta-analysis data suggested that NLR and PLR estimate the inflammatory status and activity of RA. This meta-analysis showed that NLR and PLR were new potential inflammatory markers that can be used to evaluate inflammatory status and disease activity in patients with RA. This increase in NLR and PLR can be explained by the fact that inflammatory cytokines cause increased neutrophil and platelet production in active RA as part of the inflammatory process [45] . ESR and CRP level are the most widely used markers for measuring acute-phase response to indicate inflammation in RA. However, they have some limitations. ESR react slowly to inflammatory conditions, and CRP level lacks specificity [3, 4] . NLR and PLR are relatively more stable than individual white blood cell parameters [46] . The positive correlation of NLR and PLR with DAS28 can help us to estimate the activity of RA. NLR and PLR are cheap and readily available objective markers for the assessment of inflammation and disease activity in RA. As easily measurable and available laboratory parameters, NLR and PLR may be useful in clinical practice. Time-integrated CRP is associated with greater radiologic progression in RA [5] , but there have been no data on relationship between NLR and PLR and radiologic progression in RA. Therefore, further studies needed to investigate whether NLR and PLR are likely to help with discriminatory ability of bone erosion in RA. MPV is another marker used in the assessment of inflammation [13] . The association between MPV and RA remains unclear. We failed to observe high or low levels of MPV in RA or a correlation of MPV with disease activity.
This meta-analysis has some shortcomings that need to be considered. First, most of the studies included had small sample sizes, and only a small number of studies evaluated the correlation coefficient between the hematological indexes and RA activity. Thus, the meta-analysis may be underpowered. Second, the studies included patients with heterogeneous demographic characteristics and clinical features. NLR, PLR, and MPV values may be affected by multiple factors. Heterogeneity and confounding factors such as age, sex, drugs used (e.g., corticosteroids and disease-modifying antirheumatic drugs), or comorbidities (e.g. hepatopathy, obesity) may have affected the present results. For example, glucocorticoids may affect the count, size, and function of neutrophils, lymphocytes, and platelets, leading changes in NLR, PLR, and MPV [7] , and anti-TNF therapy reduces NLR and PLR values in RA [15] . There was a negative correlation between the NLR and body mass index [47] , HCV-related liver diseases had lower PLRs than the healthy controls [48] , and MPV level was significantly higher in the inactive hepatitis B surface antigen (HBsAg) carrier group than in the control group [49] . Additional subgroup analyses were needed to justify the clinical heterogeneity between studies: by number of previous relapses, by previous failure to previous biological treatment, by current treatment. However, these limited data did not allow further analysis. Nevertheless, this meta-analysis also has its strengths. To the best of our knowledge, our meta-analysis is the first study to provide combined evidence for NLR, PLR, and MPV in RA patients. Compared with individual studies, our study provides more accurate data on the relationship of NLR, PLR, and MPV to RA by increasing the statistical power and resolution through pooling of the results of independent analyses.
CONCLUSION
In conclusion, this meta-analysis demonstrated that NLR and PLR are significantly higher in patients with RA and that NLR and PLR were significantly positively but weakly correlated to RA activity. Our meta-analysis suggested that NLR and PLR may be possible indexes for determining the extent of inflammation and evaluating the disease activity of RA. Further studies are necessary to elucidate that NLR and PLR can serve as biomarkers for monitoring RA activity in clinical practice.
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